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I. In t roduc t ion  

The e x t r a c t i o n  e f f i c i e n c y  of t h e  AGS was determined by measuring 

t h e  e x t r a c t i o n  l o s s e s  w i t h  a c a l i b r a t e d  loss  measuring system similar 

to t h a t  descr ibed  i n  Fermilab p u b l i c a t i o n  FN-252, A p r i l  26, 1973 by 

Horns t ra  and Bleser. The e x t r a c t i o n  e f f i c i e n c y  is  t y p i c a l l y  90%. 
- - _ _ _  - - _ _  

When a c c e l e r a t o r  e x t r a c t i o n  e f  f i-ciency approaches loo%, accu ra t e  measure- - -  - - _  .- - 
ment of t h a t  e f f i c i e n c y  becomes d i f f i c u l t .  Typ ica l ly ,  t he  r a t i o  of 

t h e  e x t r a c t e d  beam t o  t h e  a c c e l e r a t e d  beam i s  used t o  measure e x t r a c t i o n  e f -  
- __ 

f i c i ency .  

i n  t h e  presence of background r a d i a t i o n  caused by beam los ses ,  accu ra t e  

measurements wi th  t h e  use of two i n t e n s i t y  monitors r e q u i r e s  p r e c i s e  i n t e r -  

c a l i b r a t i o n  of t h e  monitors as w e l l  as high r e s o l u t i o n  i n  t h e  readings .  

The use of a c a l i b r a t e d  l o s s  monitor system a l lows  one t o  determine ex t r ac -  

t i o n  e f f i c i e n c y  i n  terms of t h e  i n t e r n a l  i n t e n s i t y  monitor a lone  (o r  t h e  ex- 

t e r n a l  i n t e n s i t y  monitor) and t o  i n t e r c a l i b r a t e  t h e  i n t e r n a l  and e x t e r n a l  

Aside from t h e  problems a s soc ia t ed  wi th  measuring beam i n t e n s i t y  

f beam i n t e n s i t y  monitors.  

The AGS i s  equipped wi th  a n  i n t e r n a l  t o r r o i d  i n t e n s i t y  monitor and a n  

e x t e r n a l  secondary emission chamber i n t e n s i t y  monitor.  A l o s s  monitor system 

descr ibed  l a t e r  w a s  i n s t a l l e d  f o r  t h i s  experiment. 

11. Theory 

For t h e  moment, assume t h a t  e x t r a c t i o n  l o s s e s  dominate o the r  beam l o s s e s  

dur ing  e x t r a c t i o n  or  t h a t  one can c o n t r i v e  t h i s  s i t u a t i o n .  The fol lowing 

'Summer v i s i t o r ,  1974, from Fermi Nat ional  Acce lera tor  Laboratory,  Batavia ,  
I l l i n o i s .  
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equat ion  account ing  f o r  a l l  protons can be w r i t t e n :  

- 
Na - Nx + N&x 

where N = t h e  number of protons acce le ra t ed ,  a 
N = t h e  number of pro tons  ex t r ac t ed ,  

N = t h e  number of  protons l o s t .  
X 

& 

Dividing both s i d e s  of  t h e  equat ion  by N normalizes  t h e  express ion  t o  a 

kcm 1 = @ + -  
Na 

l = @ d  

give  : 

(2) 

(3)  

( 4 )  

, t h e  t r a d i t i o n a l  e x t r a c t i o n  e f f i c i e n c y ,  Nx where E E - 
Na 

k = a cons t an t  t o  be  exper imenta l ly  determined, 

CLM = t h e  suzm of  t h e  r ead ings  of  t h e  l o s s  monitor system t o  be 

- descr ibed ,  

E = t h e  i n e f f i c i e n c y .  
- - 

The above equat ions  a re  merely s t r a i g h t  l i n e s  between one i n t e r c e p t  

where t h e  e x t r a c t i o n  e f f i c i e n c y  i s  100% ( l o s s e s  = 0) and t h e  o the r  i n t e r c e p t  

where e x t r a c t i o n  e f f i c i e n c y  i s  0% ( l o s s e s  = 100%) as i n d i c a t e d  i n  t h e  p l o t  

below. 

1 

- 
-9 opera t ing  E 

-N& kcLM 
! L E = - = -  

Na Na 

I opera t ing  E 
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The cons t an t  k i s  chosen t o  normalize t h e  o r d i n a t e  when t h e  fol lowing ex- 

periment i s  done. The e x t r a c t i o n  channel  i s  purposely detuned s o  t h a t  a l l  

t h e  beam i s  l o s t  i n  t h e  e x t r a c t i o n  channel  t o  s a t i s f y  t h e  8 = 1, 8 = 0 con- 

d i t i o n .  The corresponding LM readings  and t h e  a c c e l e r a t e d  beam are  measured 

(Nx must equal  0) .  The k i s  c a l c u l a t e d  t o  make t h e  express ion  kcLM equa l  t o  

t h e  u n i t y  when a l l  t h e  beam i s  l o s t  i n  t h e  channel.  

- 

'a 

One can now r e t u n e  t h e  e x t r a c t i o n  system t o  t h e  nominal ope ra t ing  param- 

eter. In te rmedia te  p o i n t s  may be taken  t o  see i f  a s t r a i g h t  l i n e  e x i s t s .  

Devia t ion  from a s t r a i g h t  l i n e  could i n d i c a t e  t h a t  o t h e r  unmeasureddlosses 

ex is t ,  a n o n l i n e a r i t y  i n  t h e  e x t e r n a l  beam i n t e n s i t y  monitor,  o r  a n o n l i n e a r i t y  

i n  t h e  l o s s  monitor system i t s e l f .  Should a s t r a i g h t  l i n e  r e l a t i o n s h i p  ex is t ,  

e x t r a p o l a t i o n  t o  100% e x t r a c t i o n  e f f i c i e n c y  ( l o s s e s  f 0) provides  a check on 

t h e  i n t e r c a l i b r a t i o n  of  t h e  i n t e r n a l  and e x t e r n a l  i n t e n s i t y  monitors ,  s i n c e  

w i t h  ze ro  e x t r a c t i o n  l o s s e s  both monitors m u s t  ag ree  i f  no o the r  losses exis t .  

A supplementary measure of l o s s e s  elsewhere i n  t h e  machine could be used as 

f u r t h e r  v e r i f i c a t i o n  of t h i s  condi t ion .  

111. The L o s s  Monitor System 

Three r a d i a t i o n  l o s s  monitors each 2 f t  i n  l eng th  were loca ted  on t h e  w a l l  

of  t h e  AGS enc losu re  near  l o c a t i o n s  F5, F7, and F10 corresponding t o  t h e  f i r s t  

e x t r a c t i o n  septum magnet, a n  in t e rmed ia t e  area, and t h e  second e x t r a c t i o n  sep- 

tum magnet r e s p e c t i v e l y .  The l o s s  monitors were j u d i c i a l l y  placed wi th  t h e  

hope t h a t  t hey  would be s e n s i t i v e  t o  any l o s s e s  i n  t h e  e x t r a c t i o n  system and 

t h a t  t h e  sum of t h e i r  readings  would be r e l a t i v e l y  independent of where t h e  

loss  occurred.  The e x t e n t  t o  which t h i s  cond i t ion  i s  s a t i s f i e d  can be d e t e r -  

mined exper imenta l ly  by vary ing  t h e  dominant e x t r a c t i o n  l o s s  l o c a t i o n  a s  sep-  

tum magnet F5 and F10 a r e  independent ly ,  remotely movable. 

The e l e c t r o n i c s  f o r  t h e  l o s s  monitor c o n s i s t s  of  a gated i n t e g r a t e  and 

hold c i r c u i t  which was timed t o  i n t e g r a t e  t h e  beam los s  monitor s i g n a l s  dur- 

i n g  e x t r a c t i o n  only.  Following t h e  end of  e x t r a c t i o n  t h e  v o l t a g e s  on t h e  in -  

d i v i d u a l  i n t e g r a t o r s  were d i g i t i z e d  and recorded.  

I V .  The Experiment 

The e x t r a c t i o n  channel was s y s t e m a t i c a l l y  detuned i n  a manner t o  i n c r e a s e  

t h e  l o s s e s  i n  t h e  e x t r a c t i o n  channel .  A t  each ope ra t ing  po in t ,  read ings  were 

recorded f o r  t h e  AGS i n t e r n a l  i n t e n s i t y  monitor,  t h e  e x t e r n a l  i n t e n s i t y  moni- 

t o r ,  and t h e  i n d i v i d u a l  l o s s  monitor readings .  I n  t h e  l i m i t ,  e = 0, 8 = 1, 
- 
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a l l  a c c e l e r a t e d  beam was l o s t  i n  t h e  c h a n n e l  by moving e i t h e r  t h e  F5 septum 

magnet o r  t h e  F10 septum magnet i n t o  t h e  beam and t u r n i n g  o f f  t h e  magne t i c  

f i e l d  i n  t h e  l a t te r .  Unless  t h i s  f i e l d  was t u r n e d  down, approx ima te ly  2% of 

t h e  beam would l e a k  o u t  under  t h e  most un favorab le  e x t r a c t i o n  c o n d i t i o n  which 

cou ld  be  c o n t r i v e d .  The dependence of t h e  sum of t h e  l o s s  mon i to r  r e a d i n g s  

cou ld  be de t e rmined  by chang ing  t h e  l o c a t i o n  of t h e  dominate beam l o s s  from 

F5 t o  FZO. 

The r e a d i n g s  of BNL l o s s  mon i to r s  on t h e  e x t r a c t i o n  system were a l s o  re- 

corded i n  t h e  expe r imen t .  

I n  t h e  d a t a  which f o l l o w  'ICBM" (1 c o u n t  p e r  10" p r o t o n s )  d e s i g n a t e s  t h e  

r e a d i n g  of t h e  AGS i n t e r n a l  i n t e n s i t y ,  "SEC" (1 c o u n t  p e r  10 p r o t o n s )  d e s i g n a t e s  

t h e  r e a d i n g  of t h e  e x t e r n a l  s econda ry  e m i s s i o n  chamber , and CLM d e s i g n a t e s  t h e  

sum of  t h e  i n d i v i d u a l  l o s s  mon i to r  r e a d i n g s .  

9 

V. R e s u l t s  

The r e s u l t s  of  t h i s  expe r imen t  are i l l u s t r a t e d  i n  t h e  a t t a c h e d  graph 

where t h e  ave rage  of  f i v e  o r  more d a t a  a t  e a c h  o p e r a t i n g  p o i n t  i s  p l o t t e d .  

The ZLM a t  E = 1, where a l l  t h e  beam was l o s t  i n  t h e  e x t r a c t i o n  c h a n n e l ,  

were r e l a t i v e l y  independen t  ( w i t h i n  2%) of whe the r  t h e  beam was l o s t  predom- 

i n a t e l y  a t  F5 o r  a t  F10. We were a p p a r e n t l y  lucky  i n  mounting t h e  l o s s  moni- 

t o r s  a t  good l o c a t i o n s ;  however, shou ld  a dependence have been n o t e d ,  i t  would 

have been p o s s i b l e  t o  a d j u s t  e l e c t r o n i c a l l y  (weight)  t h e  g a i n s  of t h e  i n d i v i -  

d u a l  l o s s  mon i to r s  s o  t h a t  t h e  CLM would be independen t  o f  t h e  l o s s  l o c a t i o n .  

0 

The p o i n t s  d e r i v e d  from t h e  newly i n s t a l l e d  l o s s  mon i to r  system ( i n d i -  

c a t e d  as H o r n s t r a  L.M.) v e r y  n e a r l y  l i e  i n  a s t r a i g h t  l i n e .  E x t r a p o l a t i o n  o f  

t h i s  l i n e  t o  t h e  a b s c i s s a  (CUI e q u a l  z e r o )  shows a n  SEC/I r a t i o  of  a p p r o x i -  

ma te ly  0 .68 s u g g e s t i n g  t h a t  a n  i n t e r c a l i b r a t i o n  a d j u s t m e n t  i s  r e q u i r e d  o r  

1 CBM p r o t o n  e q u a l s  1.47 SEC:protons.  The c a l i b r a t i o n  of  t h e  l o s s  mon i to r  

system is  - 2 .7  (LO) p r o t o n s  coun t  when a l l  t h r e e  loss monitor  r e a d i n g s  

are summed. 

, 

9 -1 

T h i s  r e s u l t  i s  comparable t o  t h e  resu l t s  o f  i n  r i n g  f o i l  measurements t h a t  

gave 1 CBM p r o t o n  = 1.32  f o i l  protons"! 

i n  August 1973.  T h i s  r e s u l t  cou ld  be i n v a l i d a t e d  i f  d u r i n g  normal e x t r a c t i o n  

beam i s  l o s t  o u t s i d e  t h e  area observed by t h e  Loss Moni to r s  u sed .  The v a r i o u s  

r a d  i a  t i o n  mon i to r s  

(1) L. Blumberg, J .  Gabusi ,  J . W .  Glenn, G. Lev ine ,  D .  Rahm 

The SEC was l a s t  c a l i b r a t e d  by f o i l s  

AGS T e c h n i c a l  Note #93, 5 / 9 / 7 2 .  

3 
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around t h e  r i n g  were observed during normal 'HEP running (with - 1.5 x 10" on 

G10). O f  t h e  r a d i a t i o n  n o t e d -  90%was concent ra ted  i n  the  F5 t o  F10 reg ion  

and - 10%was  elsewhere inc luding  t h e  G10 area. 

The b e s t  e f f i c i e n c y  obtained dur ing  t h e  tests on August 21 was 85% b u t  

t h e  bump f o r  G10 t a r g e t t i n g  w a s  o f f  and t h e  SEB was n o t  re tuned  t o  t h e  new 

o r b i t .  

b u t  t h e  G10 bump on. 

( t h e  p o i n t  marked X on f i g .  1). A t  t h i s  t i m e  t h e  e x t e r n a l  beam was s t e e r e d  

t o  pu t  a l l  t h e  protons a t  C s t a t i o n ,  and it i s  f e l t  t h a t  t h e  e f f i c i e n c y  was 

a c t u a l l y  90% (1 - I!!!) while t h e  SEC was reading  6% high  due t o  t h e  f a c t  t h e  

beam w a s  t r a v e r s i n g  t h e  SEC a t  an a t y p i c a l  l o c a t i o n .  

ope ra t ion  i n  t h e  l a t t e r  p a r t  of August, w i t h  normalqsteer ing,  t h e  e f f i c i e n c y  

w a s  ca l cu la t ed  on a pu l se  by pu l se  b a s i s  us ing  a formula o r  e = S E W  1 4 . 3 /  

(CBM - (GI9 T e l l ) / l l . ) .  (The cons tan t  14.3 is  100/7.) This  "efficiency" 

o f t e n  went as h igh  as 93%. 

On August 28 t h e  CLM's CBM and SEC were recorded w i t h  no beam on G10 

The i n e f f i c i e n c y  was 10% b u t  t h e  e f f i c i e n c y  was 96% 

During normal HEP 

Unfor tuna te ly  t h e  CLMwas n o t  recorded during th ts  t ime.  
_ _  . ___ - - - 

The BNL l o s s  monitors roughly i n d i c a t e  t h e  same cnnd i t ion  as above; - 
however, a cons iderable  scatter e x i s t e d  i n  t h e  readings  a t  E = 1. It should 

b e n o t e d  t h a t  t h e s e  l o s s  monitors were not  mounted wi th  t h i s  experiment i n  

'mind  and i n  gene ra l  a re  h igh ly  s e n s i t i v e  t o  l o c a l  l o s ses .  

V I .  Discussion 
I 

I f  one assumes t h a t  t h e  above experiment i s  c o n s i s t e n t ,  t hen  o the r  i n f o r -  

mation can be determined. 

from t h e  r a t i o  of UL;M t o  i n t e r n a l  i n t e n s i t y ,  i t  i s  b e t t e r ,  from a p r a c t i c a l  

po in t  of view, t o  c a l c u l a t e  t h e  i n e f f i c i e n c y  i n  terms of t h e  e x t r a c t e d  beam 

i n t e n s i t y ,  

Although one can c a l c u l a t e  t h e  e x t r a c t i o n  i n e f f i c i e n c y  

. I f  i n  Eq .  (2) one s u b s t i t u t e s  f o r  N = Nx + N,ex (Eq. 1) then  
NX a 

N,eX 

Nx + N,ex 
+ X 

N 
1 =  

Nx + N&x 

o r  
- N,ex 

Nx + N,ex 

N 
; e =  X @ =  

Nx + N&x 

(5) 

Ca lcu la t ing  t h e  e x t r a c t i o n  e f f i c i e n c y  o r  i n e f f i c i e n c y  from Eq.  (6) ,  avoids  a n  

e r r o r  which could come i f  t h e  c a l c u l a t i o n  were based on N s i n c e  i t  i s  p o s s i b l e  

f o r  a c c e l e r a t e d  protons t o  be l o s t  o t h e r  than  i n  t h e  e x t r a c t i o n  system. 

p a r t i c u l a r  i f  GLO t a r g e t  i s  used, t h e  c a l c u l a t i o n s  from Eq .  (6) must be used. 

a 
I n  

- - - - 
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It i s  possible with the use of a cal ibrated extract ion loss  measuring 

system t o  assess how much beam is l o s t  t o  other processes by noting the magni- 

tude of any inequal i ty  of Eq. (1). I f  G10 target ing i s  the dominate source 

of other losses ,  the equation could be expanded a s  follows: 

- 
Na - Nx + N ~ x  + 'GIO (7) 

where NGao represents the number of protons used i n  target ing a t  G10. 

a cal ibrated loss  monitor system be placed a t  the G10 t a rge t ,  Eq. (7) would 

then be over contrained, and an expanded equation could be wr i t t en  a s  follows: 

Should 

represents a l l  unmeasured losses .  A properly in te rca l ibra ted  where Nother 
in te rna l  and external  i n t ens i ty  monitor is assumed here and above. 

It appears the Loss Monitor system is  a more s t ab le  and sens i t i ve  

measureSof extract ion eff ic iency.  In  a l l  cases, the r a t i o  formed - cm is a 

useful r a t i o  t o  monitor and minimize as  a qua l i ty  fac tor  of the extract ion 

system. 

where t h i s  concept would be more powerful as  the extract ion eff ic iency i s  

closer t o  100%. 

NX 

A s imilar  system should be in s t a l l ed  on the f a s t  extract ion system 
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